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Killifish of the genus Fundulus were examined to assess the factors shaping parasite community 
structure at a genus level. A database of previous parasite surveys on Fundulus species across the 
Atlantic coast of the United States and Canada was created from a literature review. The 
database included parasite and environmental factor data from 15 sources. Additional sites from 
New Brunswick, Maine, Massachusetts, Rhode Island, North Carolina, and South Carolina were 
sampled for Fundulus species. The resulting database includes data for 10 species from a total of 
57 unique geographic sites. Data on the diversity and abundance of metazoan parasites were 
gathered through laboratory analysis and added to the dataset. Univariate analysis of observed 
parasite species richness among Fundulus populations in the data set found that latitude (R2 = 
0.112, P = 0.011), climate type (R2 = 0.158, P = 0.027), and salinity classification (R2 = 0.223, p 
= 0.001) were the dominant factors determining parasite species richness. Multivariate analysis 
found that host species (R= 0.539, P = 0.001) was the most important factor in determining the 
similarity of parasite assemblages. Within the Fundulus genus, parasite species richness was 
found to decrease in low latitudes and host phylogeny was not found to be a significant factor in 
the similarity of parasite communities. Taken together, these results indicate that commonly 
reported large-scale drivers of parasite community structure, such as latitude and phylogeny, may 
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Features of the host species have been found to influence the acquisition of parasite 
species into the host’s parasite assemblage. Within marine fish, average host species body size 
has been found to be the best predictor of parasite species richness. On an individual level, a 
larger host body size provides more resources allowing for more parasite species to exploit the 
host. Host size determines the number of parasite species that a host can harbor before reaching 
equilibrium, which occurs when the rates of successful colonization by new parasite species is 
balanced by extinction rates. Species that grow to large sizes show greater parasite species 
richness than small-bodied fish species. Host feeding habits also have a significant impact on the 
assemblage. Predatory fish were found to have higher rates of parasite species richness, and their 
parasite assemblage showed a greater taxonomic diversity than those of planktivorous fishes. 
Predatory fish encounter parasites more frequently than planktivorous fish, and their diet exposes 
than to a broader range of parasite taxa (Luque et al. 2004). 
Host Phylogeny: 
Parasite assemblages are closely tied to the phylogeny of the host species. The amount of 
different parasite species a host species may harbor is determined by parasite species being 
gained and lost throughout the host’s phylogenetic history (Poulin et al. 2011). A host speciation 
event can lead to a host species gaining or losing parasite species in its assemblage. The new host 
species produced by the speciation may inherit the parasite species of its ancestor, or potentially 
lose parasite species that were present in the ancestor. Host species or parasite species colonizing 
a new area can add to the parasite assemblage. Parasite species may be added through host 
switching, which occurs when the host specificity of a parasite changes, allowing it to start 
infecting a new host species. Parasite species may also be gained by parasite speciation within 
the host. Parasites in the assemblage may be lost through the extinction of parasite species 
(Poulin et al. 2011). An examination of taxonomic variability within the parasite assemblage can 
reveal information on how the parasite assemblage was formed in the host. The presence of 
many closely related parasite species suggests a history of intra-host speciation by the parasites. 
A parasite assemblage that covers a wide taxonomic spectrum would be indicative of host 




 Host specificity is an important determinant in the abundance and biogeography of a 
parasite species. Generalist species with low host specificity show lower susceptibility to local 
extinctions, a higher success rate invading new areas, and achieve higher abundances within their 
hosts than parasites with a high host specificity. Parasites with high host specificity have their 
ranges limited by their low host numbers and tend to show a lower tolerance for abiotic changes 
(Poulin et al. 2011). The geographic range of a parasite species is determined primarily by the 
number of host species it can parasitize. With generalist parasites, the number of potential hosts 
available increases, and by combining the range of all potential hosts, the potential range of the 
parasite expands. Byers et al. (2019) found that the number of host species was a more accurate 
predictor of mammalian parasite ranges than the phylogenetic diversity of hosts or the summed 
ranges of host species. The range of a parasite species is not always equivalent to its host species 
range. Parasites may only occur in part of the total geographic range of its host species. The 
study found that mammalian parasites that infect a wide phylogenetic diversity of hosts occupy 
smaller ranges than parasites that infect a smaller diversity of hosts (Byers et al. 2019). 
The biogeography of parasites shows patterns across latitude. Parasite species richness in 
a given area generally mirrors the host species richness, such that hot spots of host species 
diversity are generally hot spots for parasite diversity as well. High latitudes tend to have a 
higher frequency of generalist parasites, and as a result, parasites at higher latitudes tend to have 
greater geographic ranges than parasites at lower latitudes. Parasite species with high host 
specificity tend to be more numerous in areas with high host species diversity. These factors lead 
to low latitude, tropical environments being characterized by a higher frequency of host-specific 
parasites with comparatively smaller ranges (Poulin et al. 2011). 
The parasite community of an area is influenced by both the local host community and 
environmental factors. The host community directly affects the parasite community, as the 
appropriate host species must be present in order for a parasite to inhabit the area. Environmental 
factors may influence the parasite community indirectly by shaping the host community. The 
environment may also influence the parasite community directly, as the environmental factors 
required by a parasite may not always be equivalent to factors required by the host species. For 
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example, local climate may allow a host species to inhabit an area but preclude a parasite from 
infecting the host in that geographic area (Berkhout et al. 2019).  
A review of parasite diversity in freshwater fish, birds, and mammals by Berkhout et al. 
(2019) found that parasite biodiversity was more readily explained by environmental factors, 
with host community alone only explaining a small portion of species variation. The most 
important environmental factor in determining parasite diversity was found to be mean annual 
temperature. The ambient temperature can directly influence a parasite’s fitness, and therefore 
limit its potential range. External parasites are continually exposed to the surrounding climate, 
and many endoparasites have a free living, infective life stage during which they are exposed to 
the temperature outside the host’s body. Precipitation was also found to be a significant factor for 
parasites in freshwater fishes, though this is due to its indirect influence on the local host 
community. Precipitation determines the size, depth, and permanence of freshwater bodies, 
therefore determining the habitat availability of host fish species (Berkhout et al. 2019).  
Parasite assemblages vary in structure and abundance across geographic, phylogenetic, 
and ecological scales. Locke et al. (2013) examined the similarity of the parasite assemblages of 
freshwater fish species in the St. Lawrence River and found that the strongest predictor of 
parasite assemblage similarity was the phylogenetic distance of the compared host species. Due 
to levels of host specificity in the parasites, the more dissimilar two host species are genetically, 
the more dissimilar their parasite assemblages will be. Local habitat use was also a strong 
predictor of assemblage similarity. Hosts with similar habitat use patterns show similar infection 
levels and are exposed to the same parasite species. Geographic distance was found to have a 
negligible effect on assemblage similarity. At the scale of this study, within a single river, host 
phylogeny and habitat use had a more significant effect on assemblage similarity than 
geographic distance (Locke et al. 2013). Poulin et al. (2011) examined the similarity of parasite 
assemblages among the Three-spined Stickleback (Gasterosteus aculeatus) in geographic areas 
larger than the Locke et al. (2013) study, examining regions in North America and Eurasia. At 
this much larger scale, it was found that assemblage similarity decayed with increasing 
geographic distance. Habitat salinity was also found to predict assemblage similarity, with 
marine habitats being more similar to each other than to freshwater or brackish habitats. The 
abundances of the parasites in the assemblage were not affected by spatial distance or by habitat 
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type. This suggests the abundance of a parasite species is determined by local factors rather than 
large scale factors (Poulin et al. 2011). An analysis of intestinal parasites in bats by Warburton et 
al. (2016) found that local environmental variables were more significant in explaining parasite 
community dissimilarity than spatial distance. In particular, the type of landscape surrounding 
bat roosting sites, especially when those landscapes were influenced by anthropogenic activity, 
was found to drive dissimilarity between parasite communities (Warburton et. al 2016).   
Parasite Ecology:  
Parasites of all taxa play significant roles in the function of an ecosystem and recent 
studies have shown that parasites have the potential to be keystone species. The most direct 
ecological influence of parasites is population regulation of their host species. Within their hosts 
parasites have varying degrees of negative effects. In most cases, the parasites are not associated 
with any clinical disease. Parasites will cause a reduction in fitness, as the host now requires 
more energy to support the parasite, but hosting a parasite is often asymptomatic. The negative 
effect of the parasite depends greatly on a number of factors, namely: the species of the host and 
parasite, the number of parasites within the individual host, and the internal conditions of the 
host (nutrition or the presence of other infections for example). Under the right conditions, the 
parasite burden of the host may cause morbidity or even mortality (Friend & Franson, 1999). 
Parasites can have significant effects on the biodiversity of an ecosystem. Diseases and 
reductions in fitness caused by parasites can control the populations of host species and promote 
interspecies competition (Thomas et al. 2005).  
 The effects of biological invasions may also be influenced by parasites. Exotic species 
may introduce their own indigenous parasites into a new habitat, allowing for the infection of 
new hosts. Invasive species may also act as hosts to local parasite species, allowing local parasite 
populations to grow and possibly expand to new territories (Hatcher & Dunn 2011). 
Alternatively, local parasites can also act as barriers against invasive species. If the invasive 
species is more susceptible to the local parasites than the native species, an invasive species may 
be unable to establish an effective population in the new habitat due to its reduced fitness 
(Thomas et al. 2005). Parasites can therefore be important contributors to the biotic resistance of 
a habitat to potential invasive species. 
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 The study of fish parasites can reveal integral information on the biology of the host 
species as well as its ecosystem. Fish parasites have long been used as biological tags to 
differentiate unique fish populations. Populations within a fish species will inhabit different 
regions and display different behaviors. As a result, they harbor a parasite assemblage 
characteristic of the population. For example, the presence of certain species of larval anisakid 
nematodes can be used to discriminate between populations of clupeid herrings and scombrid 
mackerels (Williams et al. 1992). Determining the population to which a fish belongs provides 
information on its range distribution, spawning, and feeding behaviors, all of which is essential 
information for fisheries management. Using parasites as biological tags allows for population 
discrimination on sensitive species without the need for artificial tags (Williams et al. 1992). 
Parasites using multiple hosts can also reveal food web information in habitats that are difficult 
to observe. For examples, the predation of deep-water sharks of the genus Deania by oceanic 
shark species was discovered by the presence of adult cestode species in the oceanic sharks, and 
the cestode’s larval stages in the Deania sharks (reviewed by Palm 2011).  
 Changes in fish parasite abundance and community structure have been found to be 
correlated with land use and water chemistry.  In a study by Blanar et. al (2016), the parasite 
species dominating the parasite communities of Athabasca River trout-perch (Percopsis 
omiscomaycus) were found to change in relation to landscape-scale variations, such as the 
presence of sediment hydrocarbons. Parasites may to react to environmental chemicals at 
different rates than their hosts, meaning the effects of pollutants can be seen in sensitive parasite 
species before their effects become apparent in the host. Acanthocephalan species tend to 
bioaccumulate chemicals, and thus are used as accumulation indicators for heavy metals in the 
environment (reviewed by Palm 2011).  As is the case with any group as diverse as the metazoan 
parasites, the parasite’s reaction to environmental pollutants varies on a species by species basis; 
however, the general trend among sensitive parasite species is an increase in endoparasite 
populations in polluted waters and a decrease in ectoparasite populations. The effects of climate 
change can also be tracked by parasite assemblages, with parasites showing increased 
transmission rates, and changing seasonality and biogeography as a result of increasing water 




 Killifish are among the most abundant teleost fishes found in the inshore waters of the 
east coast of North America. In the family Fundulidae, these fishes range from Nova Scotia to 
the Yucatan Peninsula, with species also being present in Bermuda, Cuba, and the coasts of 
southern California and Baja California. Several freshwater species range inland to the 
Mississippi River basin and the Great Lakes. The most widespread and speciose genus in the 
family is the genus Fundulus, containing 39 species. Members of this genus inhabit a variety of 
habitats at differing salinities: for example, F. heteroclitus inhabits brackish coastal habitats, 
while F. seminolis exclusively inhabits freshwater (Ghedotti & Davis 2013). Studies suggest that 
fundulids such as F. heteroclitus display a high degree of site fidelity, with populations being 
non-migratory and having a summer home range of roughly 40 meters (Burnett et al. 2007). The 
non-migratory behavior of fundulid killifishes makes them ideal candidates for the study of how 
local-scale abiotic factors shape parasite communities. 
 Killifishes tend to be ecologically flexible, generalist species regarding their feeding 
ecology. Although the ecological relationships of most species have not been thoroughly 
examined, research on F. heteroclitus suggests both that the species feeds opportunistically on a 
range of small invertebrates and that their feeding can regulate the population density of some 
saltmarsh invertebrate species (Kneib 1986). Freshwater fundulids such as F. confluentus have 
been found to feed on insects as well as juvenile mosquitofish Gambusia affinis (Lopez et al. 
2010). F. heteroclitus, along with other members of the genus, are in turn prey for a number of 
predators in their respective ecosystems. Many species of wading birds and larger fish prey on F. 
heteroclitus, but its most important predator is the blue crab Callinectes sapidus (Kneib 1986). 
Fundulids spawn from late February to August, and an individual fish will spawn multiple times 
during this season. In coastal species, the timing of the spawn is based on the moon, as high tides 
are necessary for the fish to reach their high marsh spawning sites (Lopez et al. 2010). The eggs 
of F. heteroclitus take 7-9 days to develop, but the actual hatching of the egg is delayed until it is 
fully submerged by the tide. Juvenile F. heteroclitus spend the next 6-8 weeks in the intertidal 
zone of the marsh. Upon reaching adulthood, individuals move in and out of the marsh along 
with the tide (Kneib 1986). Sexual dimorphism is expressed in multiple Fundulus species, with 
the males possessing either pigmented bars or stripes on the body or spots on the fins (Lopez et 
al. 2010).  
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 Several Fundulus species, most notably F. heteroclitus, have been used as a model 
organism in laboratory and field experiments; few other fish species have been researched as 
extensively as F. heteroclitus. The hardiness of the eggs of F. heteroclitus have led to it being a 
staple of embryological studies since the late 19th century (reviewed in Atz 1986). Other fields of 
experimental biology would soon utilize F. heteroclitus as a model as well, given its availability 
and propensity to thrive in captivity. Fundulids evolved to withstand large changes in salinity, 
oxygen, pH, and other environmental factors in their estuarine habitats, an adaptability that lends 
itself to studies of physiological processes under different conditions. In particular, F. 
heteroclitus has been used to study osmoregulation, toxicology, reproductive development, gene 
regulation, and physiological responses to pollution (reviewed in Burnett et. Al. 2007). The 
wealth of scientific literature on Fundulus species further supports its use as a model to 
investigate parasite community structure at a genus level.  
 Fundulids serve as hosts to a diversity of parasite taxa. Metazoan parasites found in 
fundulids span multiple phyla, with the Platyhelminthes, Nematoda, Acanthocephala, 
Arthropoda, Annelida, and Mollusca all being represented. This assemblage of parasites displays 
a variety of unique life histories. Both ectoparasites, which live on the external surface of the 
fish, and endoparasites, which live within the fish, are known to infect Fundulus spp. (Harris & 
Vogelbein 2006). Endoparasites have been found to inhabit multiple organs, including the 
intestines, liver, gills, and the brain. Many fundulid parasites have multistage life cycles, 
parasitizing different hosts at different life stages. The host in which the parasite sexually 
matures and starts reproducing is known as the definitive host, while a host that harbors the 
parasite as it develops in the early stages of its life cycle is known as an intermediate host. 
Parasites may reproduce asexually in intermediate hosts, but sexual reproduction only takes 
place in the definitive host (Roberts et al. 2008). Fundulids can act as both definitive and 
intermediate hosts, and their position within food webs allows them to play key roles in both the 
acquisition and transmission of trophically transmitted parasites. 
Trematodes: 
 Flatworms, or Platyhelminthes, are a diverse phylum containing over 20,000 species 
ranging worldwide. A paraphyletic group of flatworms known as Turbellaria contain free-living 
flatworms, but the majority of flatworm species belong to the monophyletic group Neodermata, 
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all of which are obligate parasites (Maule & Marks 2006). Flatworm species tend to be 
dorsoventrally flattened and lacking a body cavity, circulatory system, or respiratory system 
(Goater et al. 2013). All flatworms possess a unique cell called a flame cell, or protonephridium, 
which is used for osmoregulation and to excrete waste from the surface of the worm (Roberts et 
al. 2008). 
 Trematodes, or flukes, belong to the class Trematoda of the Platyhelminthes phylum. 
Trematodes are endoparasites that inhabit both invertebrates and vertebrates. The Trematoda 
class is separated into two groups. The first group, the Aspidogastrea, contains about 80 species 
of freshwater and marine trematodes. This group is characterized by their lack of complex life 
histories. The second group, the Digenea, contains the majority of the species in this class. 
Unlike the Aspidogastrea, the digenean trematodes have a complex life cycle, involving multiple 
larval stages and the use of intermediate hosts (Rhode 2005). One of the defining morphological 
characteristics of the digenean trematodes is the presence of two holdfast suckers in the adult 
stage. One of these suckers is positioned around the mouth, while the other is typically found 
halfway down the length of the body. However, this ventral sucker has been lost in some species. 
These suckers hold the trematode in place while it feeds. Depending on the species, the 
trematode may feed on the host’s blood, mucus, tissues, or gut contents (Roberts et al. 2008). 
Trematodes possess an incomplete digestive tract, containing a mouth, esophagus, and an 
intestinal cecum, which is lined with absorptive cells. Waste products are excreted from the outer 
surface of the trematode via diffusion (Goater et al. 2013).  
 The life cycle of digenean trematodes includes multiple hosts, with a three-host life cycle 
being typical of aquatic digenean species (Goater et al. 2013). Eggs produced by the adult 
typically leave the body of the definitive host via feces. Once the eggs reach the water, they 
hatch into the digenean’s first larval form, known as a miracidium. This is a free-swimming 
larval stage that exists to find the first intermediate host. Miracidia are covered in cilia, which 
allows them to swim through the water in search of a host, usually a mollusk such as a snail. 
Miracidia have only a few hours to find a host, which it locates via chemical cues. Once the 
miracidium comes into contact with the host, it bores through the host tissue and migrates to a 
species-specific site within the host. Upon reaching this site in the host body, the miracidium 
metamorphoses into a sporocyst. Sporocysts asexually produce large numbers of the second 
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digenean larval stage, known as a cercariae. Hundreds of cercariae can be produced within the 
mollusk host each day. Cercariae are free swimming and leave the mollusk host to find the 
second intermediate host. The second intermediate host can be a wide range of species, and the 
diversity of cercariae behaviors reflects this. Some cercariae swim towards their hosts as 
miracidium do, others crawl through the bottom substrate, still others float at the water’s surface 
and wait for their secondary host to ingest them. Once inside the secondary host’s body, the 
cercariae develops into a cyst called a metacercaria. Metabolic rates of the digenean slow during 
this stage as it waits for the secondary host to be ingested by the definitive host. Many digenean 
species alter the behavior of the secondary host in order to facilitate its ingestion by the definitive 
host. Once inside the definitive host, the metacercaria hatches into the adult form and begins its 
sexual reproduction stage (Goater et al. 2013). 
 Fundulid killifishes act as secondary intermediate hosts and definitive hosts to digeneans. 
Cercariae may penetrate the skin or gills and produce metacercaria. F. diaphanus acts as an 
intermediate host to the behavior-altering digenean Crassiphiala bulbogloss. The definitive host 
of C. bulbogloss is the belted kingfisher Megaceryle alcyon. Killifish infected with C. bulbogloss 
have been found to display altered shoaling behavior compared to unparasitized individuals. 
Parasitized fish spent less time in schools, and when they were schooling, they occupied the 
outer perimeter of the school. These behaviors put the parasitized killifish at increased risk of 
predation by piscivorous birds such as the belted kingfisher (Krause & Godin 1994). Parasitized 
F. parvipinnis have been found to contort at the water’s surface to attract birds, a result of an 
infection of trematode metacercaria within the brain (Lafferty & Morris 1996).  
Monogeneans:  
 Monogenea is another parasitic class of Platyhelminthes. Monogeneans are ectoparasites 
which feed on the outer surface of fish and amphibians, apart from one species which parasitizes 
the eye of a hippopotamus (Goater et al. 2013). Monogeneans are characterized by a large sucker 
at the posterior end of the worm, known as a haptor. The haptor is highly variable among species 
and is equipped with hook structures which allow the monogenean to firmly attach itself to the 
surface of its host without being dislodged. Once attached, the monogenean will feed on the 
host’s blood or epidermal tissue (Roberts et al. 2008).  
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 Unlike the digenean trematodes, monogeneans have a single host life cycle. 
Monogeneans are hermaphroditic, but most species rely on cross fertilization as opposed to self-
fertilization. Adult monogeneans release eggs into the water, where they hatch into the larval 
stage known as an oncomiracidium. The larval stage is ciliated and free swimming, similar to the 
miracidium stage in digeneans. Upon finding a host, the oncomiracidium attaches itself and 
metamorphoses into its adult stage. One family of monogeneans, the Gyrodactylidae, are 
uniquely viviparous. Fertilized eggs develop inside the adult’s body until the young reach the 
adult stage. Juveniles developing inside the adult will often have a juvenile developing within 
themselves, and that juvenile will in turn be harboring another juvenile. These juveniles are a 
result of polyembryony, originating from a single fertilized egg and thus genetically identical 
(Roberts et al. 2008).  
Cestodes: 
 Tapeworms, of the class Cestode of the Platyhelminthes, are endoparasites that inhabit 
the intestines of all classes of vertebrates. Tapeworms range in size from a few millimeters to 
exceeding 20 meters long (Goater et al. 2013). Tapeworms are characterized by their unique 
body plan, consisting of a head followed by a long chain of segments called the strobila. The 
anterior holdfast of the tapeworm, or scolex, possesses numerous suckers or hooks to fix the 
worm in place (Roberts et al. 2008). The scolex lacks a mouth or digestive system; all required 
nutrients are absorbed by the worm through its skin (Goater et al. 2013). The majority of the 
length of the worm is composed of the strobila, a series of reproductive segments individually 
known as proglottids. Proglottid segments are produced at the base of the scolex, pushing 
previously developed proglottids further back. Therefore, the proglottids at the most posterior 
end of the worm are the oldest. A proglottid contains both male and female reproductive organs 
and can either self-fertilize or cross with nearby worms. Segments near the posterior end of the 
worm containing fully developed eggs are said to be gravid. At a certain point, a gravid segment 
full of eggs at the end of the worm detaches and exits the host within the feces (Roberts et al. 
2008). 
 The life cycles of terrestrial based tapeworms and aquatic based tapeworms differ, with 
aquatic based worms typically using planktonic crustaceans such as copepods as their first 
intermediate host. Eggs in the water may be ingested by the copepod directly, or they may hatch 
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in the water as a free-swimming larva known as a coracidium. Once inside the copepod, the 
coracidium larva moves to the body cavity and metamorphoses into the second larval stage 
known as a procercoid. Here, the larvae must wait for the copepod to be eaten by a fish. Once 
within the fish body, the procercoid penetrates the gut wall and develops into a third larval stage 
called a plerocercoid. The worm will remain in this stage until it is ingested by its definitive host. 
This host can be another fish or an avian or mammalian definitive host, which may necessitate 
the use of larger piscivorous fishes as additional intermediate hosts until the definitive host can 
be reached (Roberts et al. 2008). 
Nematodes: 
 Nematodes, or roundworms, of the phylum Nematoda represent one of the largest groups 
in the animal kingdom, containing over 256 families and an estimated 40,000 species. 
Nematodes display an array of life histories, and although most species are free living, a 
significant number live as plant or animal parasites. Unlike the flatworms, nematodes have a 
fluid filled body cavity and a complete digestive tract and excretory system. The outer skin of the 
nematode is called the cuticle and is composed of non-cellular material secreted by the 
underlying hypodermis. The cuticle is shed four times throughout the nematode’s developmental 
cycle (Rhode 2005).  
 Nematodes are generally dioecious, having separate sexes, and oviparous. Aside from 
these generalities, there is no “typical” nematode life cycle. Parasitic nematodes may have a 
direct life cycle with one host or may require the use of multiple intermediate hosts before 
reaching the definitive host (Goater et al. 2013).  In the case of nematodes that parasitize 
Fundulus species, most use the killifish as an intermediate host. Nematodes of the orders 
Spirurida, and Ascaridida being examples (Harris & Vogelbein 2006).  
 Ascaridida nematodes are large, intestinal dwelling parasites characterized by the 
presence of three lips around the mouth (Roberts et al. 2008). The Anisakidae family of this 
order is a common intestinal parasite of marine mammals, birds and fish, including the Fundulus 
genus. Marine mammals and birds are the typical definitive hosts. Anisakid nematodes disperse 
their eggs into the water through the host’s feces. Eggs are ingested by a crustacean, where they 
develop into juveniles in the body cavity. The nematode may then transfer into the definitive host 
if the crustacean is ingested, or it may be transported using a series of fish hosts known as 
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paratenic hosts before reaching the definitive host. These hosts, also known as transport hosts, 
are not necessary to the parasite’s life cycle, and the parasite undergoes no development in these 
hosts. The paratenic hosts only serve to eventually transport the parasite to its definitive host 
(Roberts et al. 2008). 
Acanthocephalans: 
Acanthocephala, also known as the thorny-headed worms, are a phylum consisting of 
1100 species of obligate endoparasites. Acanthocephalans exclusively inhabit the intestinal tract 
of their hosts, most commonly a fish (Goater et al. 2013). Acanthocephalans are characterized by 
their large retractable proboscis. This proboscis is covered in spines, hence the phylum’s 
common name, and is used to pierce the intestinal wall of the host and hold the acanthocephalan 
in place. Like the cestodes, acanthocephalans lack a mouth or digestive tract, and absorb 
nutrients from the host’s gut contents directly through their outer surface (Rhode 2005). 
 The acanthocephalans life cycle requires multiple hosts. Acanthocephalans are dioecious 
and reproduce using internal fertilization within the intestines of the definitive host. Eggs are 
released into the water through the host’s feces. The definitive host varies by species, but the first 
intermediate host is always an arthropod. The intermediate host is typically a crustacean in 
aquatic species and an insect in terrestrial species. The intermediate host ingests the eggs, leading 
to the eggs to hatch into a larval stage know as an acanthella (Roberts et al. 2008). 
Acanthocephalans in the order Echinorhynchida use amphipods as an intermediate host and fish 
as a definitive host. Species in the order Polymorphida use marine mammals, as their final host. 
In order to reach these hosts, amphipods and crabs are used as intermediate hosts, while 
planktivorous or piscivorous fish are used as paratenic hosts (Rhode 2005). 
Crustaceans: 
 The Phylum Arthropoda is the most species-rich of all animal phyla. Within this diversity 
of species, there are numerous parasitic taxa. In the case of killifishes, all arthropod parasites are 
ectoparasitic crustaceans. The most common ectoparasite over all marine fish is the copepod 
(Rhode 2005). Although most copepod species are free-living planktonic organisms, parasitism 
has evolved independently multiple times within the copepods, leading to a diverse array of 
parasitic strategies. Some of these species are generalists, parasitizing many species and retaining 
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a body plan similar to free-living copepods. Other groups, such as pennellid copepods are so 
extremely specialized that they have lost limbs and body segmentation (Goater et al. 2013). 
 Ergasilid copepods are a generalist ectoparasite that attach themselves to the gills or 
nostrils using specialized hooked antenna. The life history of Ergasilid copepods is typical of 
free-living copepods, with the exception that egg bearing females become parasitic on fish. Like 
free living copepods, ergasilid copepods have a larval phase, the nauplius, and an adult phase 
(Rhode 2005). The naupliar phase of Ergasilus spp. has three stages of development, and the 
adult copepod phase has five stages of development. In male Ergasilids, all stages of 
development feed on unicellular algae and are non-parasitic. Female Ergasilids attach themselves 
to a fish host after being fertilized in their final adult stage. Using their hooked antennae, they 
attach to the gills where they feed on the host’s mucus and gill tissue (Roberts et al. 2008). 
 Copepods of the family Caligidae are dorsoventrally flattened ectoparasites. The flat 
cephalothorax is flexible and creates a suction again the surface of the host fish. Attachment is 
further aided by hooked maxillipeds (Rhode 2005). Caligid copepods possess a specialized 
mouth tube paired with cutting mandibles. The mandibles tear tissue from the host which is then 
sucked into the mouth tube. Caligid copepods have two planktonic naupliar stages which do not 
feed. The next stage of development is a modified copepod stage called a chalimus (Roberts et 
al. 2008). The chalimus attaches itself to a host fish using its antennae and a structure it creates 
called a frontal filament. The frontal filament is a thread that anchors the chalimus to the surface 
of the host. It is produced by a cement gland called the frontal organ, which is located at the 
anterior end of the cephalothorax (Piasecki 1993). There are four chalimus stage of development, 
followed by two pre-adult stages and the final adult stage. During the pre-adult and adult stages, 
the copepod detaches from the frontal filament, and can freely move around the surface of the 
host to feed (Roberts et al. 2008). 
Fish lice of the family Argulidae, are another group of ectoparasitic, non-copepod 
crustaceans. The group is comprised of 175 species, but only the genus Argulus parasitizes 
marine fish. Argulids attach themselves with a pair of maxillae modified into large disc shaped 
suckers. Once attached they feed on the host’s tissues and blood using a pair of mandibles and a 
proboscis (Rhode 2005).  
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After mating, an Argulus female will detach from the host and begin searching for a hard 
substrate on which to lay its eggs. Up to 1200 eggs may be laid at once, which take between 12 
and 80 days to hatch. The first larval stage functions as a dispersal stage, and only lasts six days. 
During this stage the larvae is free swimming, and all the maxillae act as swimming appendages. 
The second larval stage is the first parasitic stage; the development of two hooks on the antennae 
allow the larvae to attach to its first host. Development occurs gradually over the subsequent 
larval stages. By the fifth larval stage, the first pair of maxillae have developed into two 
muscular suckers. Argulus larvae as well as adults are strong swimmers, and Argulus larvae will 
periodically find new hosts throughout their development (Rhode 2005). 
Annelids: 
The subclass Hirudinea of the phylum Annelida, commonly known as leeches, can be 
found as ectoparasites on marine fish. Leeches, as well as other Annelids, are differentiated from 
the flatworms by their segmented bodies. Leeches have an oral sucker which may be equipped 
with a set of two or three jaws that pierce the skin and allow the leech to feed on the host’s 
blood. Marine leeches typically attach themselves within the host’s gill chambers or the base of 
the fins. Most leeches are simultaneously hermaphroditic, though some species are sequential 
hermaphrodites. Self-fertilization is rare, so most species detach themselves from their hosts to 
find mates and breed. Eggs are laid in a cocoon filled with a nutrient rich fluid, which sustains 
the juveniles through their development (Rhode, 2005). 
Mollusks: 
 One group of bivalve mollusks are parasitic: the freshwater mussels in the order 
Unionoida, which display a unique, parasitic larval stage. Female mussels release the larvae, 
called glochidia, into the surrounding water. The glochidia attach themselves to the gills of fish 
using spines and hooks. Once attached to the gills, the larvae form a cyst on the gill tissue, and 
begin feeding on the host’s fluids. The fish hosts also serve to disperse the larval mussels far 
from their origin. Eventually the glochidium metamorphoses into a juvenile mussel and detaches 
from the host. Certain unionoid species store their glochidia larvae in a structure called a 
conglutinate. The conglutinate acts as a lure and is shaped like a worm or small fish. The lure 
attracts host fish to the mussel, and when the host tries to eat the lure, glochidia are released and 
attach to the host (Watters 1999). 
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Applications of Parasite Community Study:  
 By studying parasite assemblages, we gain access to a very powerful biological indicator. 
Information on the abundance and diversity of parasites has the potential to be used by natural 
resource management groups to assess the health of freshwater and estuarine ecosystems. The 
abundance of certain parasite species may be indicative of chemical pollutants or heavy metals in 
the water. Wildlife conservation organizations may also make use of this data. An understanding 
of the parasite species in intermediate hosts will determine what other species are at risk of 
infection as definitive hosts. Stocks of gamefish or federally protected wading birds may be 
infected by parasites using fish such as Fundulus as an intermediate host. For example, Fundulus 
species have been found to harbor the second larval stage of nematodes of the genus 
Eustrongylides, which in large numbers cause die-offs of hatchling wading birds. These 
nematodes cause the disease Eustrongylidosis, which produces intestinal lesions in the hatchlings 
and prevents them from digesting food (Friend & Franson 1999). Routine surveys of the 
abundance of Eustrongylides larvae in their intermediate hosts can act as an early warning 
system for disease outbreaks.  
Objectives: 
The purpose of this study was to further investigate the factors that structure the parasite 
species community within fishes. The effects of host phylogeny, latitude, land development, 
climate and salinity on parasite species richness and composition were assessed. Examination of 
parasite communities within Fundulus species provided insight into how significant these factors 
were at a genus level. Lastly, the production and dissemination of a dataset compiling previous 
parasite studies on Fundulus species is expected to encourage further research into the variation 
of parasite communities within this genus.  
Materials and Methods: 
Literature Review: 
 Research started with the construction of a database of previous parasite studies of 
species in the Fundulus genus. The database detailed, in terms of presence/absence and 
abundance, all the metazoan parasite species found infecting a Fundulus sp. population at a given 
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site. Sites containing multiple Fundulus species would have an additional record entered for each 
Fundulus species present at the site. A literature review was conducted to collect studies where 
fundulid species were the focus of a full body parasite examination. Studies that more broadly 
examined the parasites present in fish communities which included fundulids were also included. 
Parasite studies that failed to conduct a full body examination (i.e., studies of gill parasites, or 
ectoparasites) were excluded. Studies reporting new host records without describing the full 
metazoan parasite community were also excluded. Studies with a Fundulus sample size of fewer 
than five fish were excluded. Studies were restricted geographically to sites along the Atlantic 
coast of the United States and Canada, also including inland freshwater sites within states and 
provinces on the eastern seaboard.  
The literature review found 13 studies to be suitable for entry into the database. 
Unpublished datasets were also entered into the database, these included a dataset on Fundulus 
diaphanus parasites in New Jersey rivers provided by Dr. Rita Grunberg of the University of 
North Carolina, and a dataset on Fundulus chrysotus parasites in south Florida provided by 
Rachel Tonia of Nova Southeastern University. Parasite abundance was calculated using 
intensity and prevalence data in cases were parasite abundance was not determined by the 
original authors. Latitude and longitude coordinates were entered into the database for each site. 
In cases were the exact coordinates of the sample site were not provided by the original author, 
the coordinates were inferred based on the author’s description of the sample site. 
Sample Collection: 
 An initial analysis of the geographical localities covered by the literature review 
identified several regions for which there were no data. Based on this preliminary assessment, 
fundulids were sampled from additional sites in New Brunswick, Maine, Massachusetts, Rhode 
Island, North Carolina, South Carolina, and southern Florida. Fundulids were sampled using 
minnow traps baited with canned cat food in the water. Traps were left in the water for two full 
tidal cycles to allow fundulids to be caught in the trap while moving with the rising and falling 
tide. Fish were euthanized by placing them in a clove oil solution. Samples were bagged and 
frozen before being shipped on ice or dry ice back to Nova Southeastern University (NSU) 
Halmos College of Natural Sciences and Oceanography for dissection and examination. The 
target sample size for each site was 30 individual fish of each Fundulus species present. 
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Sampling methods were approved by the NSU Institutional Animal Care and Use Committee 
prior to collection (protocol 2019.02.DK10).  
Samples from the New England states were collected at Wharton Point, Maine; Duxbury 
Beach, Massachusetts; and Succotash Marsh, Rhode Island. Samples in New Brunswick were 
collected by Dr. Christopher Blanar of Nova Southeastern University. Three sites were sampled 
in New Brunswick: The Lac des Boudreau, the Barachois Stream, and the Baie Verte tidal pools. 
Fundulids from North Carolina were collected in Beaufort by Dr. Quentin Walker of the NOAA 
Center for Coastal Fisheries and Habitat Research. Fundulids from South Carolina were 
collected at the North Inlet by Dr. Daniel Abel, Bruce Pfirrmann, and Matt Kimball of the 
University of South Carolina, Baruch Marine Field Laboratory. Sampling on the south Florida 
coast failed to produce a sufficient sample size to be included in the database.  
Laboratory Processing: 
 Laboratory examination began with measurement of the length and weight of the fish. 
The standard length of the fish was measured in millimeters (to 1.0 mm) and the wet weight was 
measured in grams to (0.1 g). Following the collection of morphometric data, a survey of 
ectoparasites on the external surface of the fish was performed. The surface of the fish was first 
examined under a stereomicroscope. After a visual survey, the surface of the fish was washed 
with water to dislodge any ectoparasites.  Next, the pectoral, dorsal, caudal, and anal fins were 
removed and examined for metacercaria infection. The eyes and operculum of the fish were 
removed and examined under a stereomicroscope. Finally, the fish is dissected and the digestive 
tract, heart, liver, gonads, muscle tissue, and brain tissue are pressed between two glass plates 
and examined under a stereomicroscope.  
All adult nematodes, acanthocephalans and cestodes recovered were given provisional 
identifications, removed, and fixed in a 70% ethanol solution for later identification. Adult 
trematodes were stained with acetocarmine using a 1:3 acetocarmine: 70% ethanol solution. 
After staining, samples were serially dehydrated in solutions of 70%, 95%, and 100% ethanol. 
Samples were then cleared in clove oil mounted on glass slides (Pritchard & Kruse, 1982).   
Parasites were identified to the lowest taxonomic level possible. Identifications were 
made using the Guide to the Parasites of Fishes of Canada: Trematoda (David I. Gibson, 1996), 
Guide to the Parasites of Fishes of Canada: Part II: Crustacea (Margolis & Kabata, 1988), Guide 
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to the Parasites of Fishes of Canada V: Nematoda (Arai et al 2016), How to Know: the 
Tapeworms (Gerald D. Schmidt University of Northern Colorado), NOAA Technical Report 
NMFS 121: Marine Flora and Fauna of the Eastern United States, Platyhelminthes: Monogenea. 
(Hendrix. 1994), Keys to the Nematode Parasites of Vertebrates (Anderson et. al 2009), 
Ergasilus (copepoda: Cyclopodia): Revision and key to species in North America (Roberts, 
1970), “Larval bucephalids (Trematoda: Digenea) parasitizing bivalve molluscs in the Galveston 
Bay area, Texas” (Wardle, 1990), and “Larval Tapeworms (Cestoda: Dilepididae) from the 
Mummichog Fundulus heteroclitus (Linnaeus, 1766) and Striped Killifish Fundulus majalis 
(Walbaum, 1792) from South Carolina, U.S.A” (Scholz et. al 2009).  
Data Analysis: 
 The data generated by field sampling was added to the database containing data from the 
literature review. Locality factors including salinity, climate and surrounding land use were then 
determined for each site. Salinity was defined by three classes: marine, fresh, brackish. For the 
literature data, the source author’s description of the salinity type of the sampling location was 
used to classify each site. Climate for each site was classified according to the Köppen climate 
classification system: coordinates for the sites were mapped in ArcGIS software, and overlaid on 
a map of Köppen climate classification for North America for the years 2000-2025 (Rubel & 
Kottek 2010); for sites from which samples were collected before 2000, climate information was 
gathered from a map of the Köppen climate classification for the years 1970-2000 (Kottek et al. 
2006). Local land use information was gathered by mapping the sites over a raster file of land 
classification in ArcGIS. For sites in the United States, a map of land classification from the 
National Land Cover Database was used (Homer et. al 2020) (Yang et al. 2018). This raster was 
created by dividing land into 30 x 30 m cells and classifying it by type. An explanation of their 
classes is included in appendix X. This map was generated from satellite imagery gathered in 
2001. For sites in Canada, a 30 x 30 m raster of land classification from the North American 
Land Change Monitoring System was used (Latifovic, 2018). The land type surrounding our 
sample sites was determined by calculating the most common land type in a 1 square kilometer 
area around the sample site. The classification scheme used by the NLCD and the NALCDMS 
are different, so land classifications in similar groups (e.g., agricultural areas and urban areas) 
were grouped together to allow for comparisons between the US and Canadian sites.  
26 
 
 The resulting dataset was then analyzed using univariate and multivariate approaches. 
The univariate analysis examined the effect size of factors on the observed species richness 
(OSR) in parasites within Fundulus species at each site. The factors being examined were host 
species, latitude of the site, land type surrounding the site, climate at the site, and the salinity 
classification of the site. Using JMP (v. 14.0; SAS Institute), the data was initially fit to least 
square models to determine the effect size of each factor. Then a stepwise model selection 
process was used to determine which combination of factors were the most significant in 
determining parasite species richness. Models were selected based on Akaike Information 
Criteria (AIC). In order to explore the differences in OSR across the geographic range of one 
species, the significance of latitude and climate in F. heteroclitus alone was fit to a least square 
model. Fundulus heteroclitus was chosen for closer examination because the entire known range 
of this species was covered by sample sites in the database.  
 The multivariate analysis examined the similarity of parasite species composition 
between records. Using PRIMER (v. 7.0.13; Plymouth Routines In Multivariate Ecological 
Research), a Bray-Curtis similarity matrix was generated using parasite abundance data. The 
similarity matrix was used to determine the significance of the gathered factors by running 
analysis of similarity (ANOSIM) tests on each factor. A Euclidean distance similarity matrix was 
created for the latitudes of the sample sites, and correlation with the parasite Bray-Curtis 
similarity matrix was tested using PRIMER’s RELATE procedure. This test determines the 
effect of latitude on similarity. The phylogenetic distance between the Fundulus species in the 
database from Whitehead (2010) was used to examine the effect of host phylogeny. This was 
done by creating a phylogenetic similarity matrix between host species based on the Fundulus 
phylogenetic information from Whitehead (2010); phylogenetic distance among species was 
estimated using the number of nodes separating each species pair. The RELATE procedure was 
used to examine whether the resulting phylogenetic distance matrix was correlated with the 
parasite community Bray-Curtis similarity matrix. On host species with an adequate sample size, 
a similarity percentages (SIMPER) test was run to identify the parasite genera driving 
dissimilarities among different host species. SIMPER tests were also run on salinity class. The 
above series of tests was repeated using a Sørensen similarity index generated from parasite 
presence/absence data to further examine the effect of the factors on a broader level and to allow 
for the inclusion of more data, as some of the data derived from the literature were only available 
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as presence / absence. The goal of this second set of analyses was to explore the factors that 
determine which parasites were present, with no reference to their abundance. A shade plot 
displaying the presence of parasite genera within the database samples was produced. 
Results: 
 The complete Fundulus parasite database consists of presence/absence data from 15 
different sources representing 57 records at 46 unique geographic sites (Table 1). Abundance 
data was gathered from 14 sources and consists of 49 records at 41 unique geographic sites. The 
geographic range of the 15 sources used to collect presence absence data can be seen in Figure 1. 
Mapping the sites against land use type returned 14 unique classifications while mapping sites 
against Köppen climate classification returned 5 climate classifications (Table 1). Land use 
classifications were aggregated into 5 categories, and climate classes were grouped into climate 
types. The number of records in each classification of land use, climate and salinity can be seen 
in Figure 2. Presence/absence data covers 10 species of the Fundulus genus, while abundance 
data covers 7 species. In both datasets, F. heteroclitus and F. diaphanus are the most studied 
species, containing 25 and 16 records in the dataset respectively. The number of records for each 
species, as well as their categorization by salinity and land type, can be seen in Figure 3.  
 Within the presence/absence data, 88 unique parasite taxa were recorded, of which 80 
taxa were present in the abundance data. The taxonomic resolution of parasite identification 
varied across the gathered sources, requiring the data to be aggregated at a genus or higher level. 
Aggregating in this way leads to 68 genera or higher taxa being represented in the database. The 
most well represented group was the Trematoda, with 19 taxa in the database, followed by 
Nematoda with 16 taxa (Figure 4). The parasite genus that occurred most frequently was the 
Acanthocephalan genus Neoechinorhynchus, occurring in 28 out of 57 total records. Parasite 
genera occurrence frequency can be seen in Figure 5 and Table 2. The most frequently occurring 
parasite class was the Trematoda, occurring in 49 out of 57 total records. Parasite class 
occurrence frequency can be seen in Figure 6 and Table 3. The parasite genus that occurred in 
the highest abundance was the trematode genus Ascocotyle sp. with an average abundance of 
120.6 (SD = 394.4). Ascocotyle was observed occurring in very large numbers in some records, 
while also occurring at very low numbers in other records. This leads to Ascocotyle abundance 
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having a very large standard deviation and variance. Parasite genera abundance can be seen in 
Table 4. Most of the genera displaying high abundances are trematodes, which infect Fundulus 
in high numbers as juvenile metacercaria or adult forms. Therefore, the most abundant class of 
parasite was the class Trematoda, with an average abundance of 132.4 (SD = 406.7) across all 
trematode genera (Table 5).  
Each record has an observed species richness (OSR) which is a count of the parasite taxa 
observed over all sampled fish included in the record. OSR values ranged from 2 to 18 species 
and had a mean value of 8.07 (SD = 3.75). Mean OSR values categorized by host species (Table 
6), can be seen in Figure 7. OSR was graphed across latitude and categorized by climate in 
Figure 8. OSR values were log transformed and fit to a series of least squares models in order to 
test the significance of the gathered factors on parasite species richness (Table 7). Sample size 
was determined to not be a significant factor in OSR (R square = 0.018, P = 0.324). Latitude (R 
square = 0.112, P = 0.011), climate type (R square = 0.158, P = 0.027), and salinity class (R 
square = 0.223, P = 0.001), were found to have a significant effect on OSR. Low latitudes and 
tropical climates showed lower OSR values than continental, high latitude climates. Freshwater 
environments were found to have lower OSR values than brackish or marine waters. Fitting F. 
heteroclitus OSR to least square models found that neither latitude (R= 0.047, P = 0.296) nor 
climate type (R= 0.012, P=0.599) had a significant effect on OSR.  
 Running a minimum AICc forward stepwise model (R square = 0.402) revealed the three 
most important factors in determining OSR were combinations of land type and host species. 
There was found to be a significant difference between sites in the “Grassland” type, vs sites in 
the “Agriculture/Wetland/Forest” group (P = 0.005). The land type “Urban” was also found to be 
significantly different from the “Grassland/Agriculture/Wetland/Forest” group (P = 0.006). 
There was also found to be a grouping of host species: with “F. chrysotus, F. seminolis, F. 
grandis and F. majalis” forming one group, and “F. cingulatus, F. diaphanus, F. similis, F. 
heteroclitus, F. luciae, and F. waccamensis” forming another group (P = 0.053).  
 The multivariate analysis of parasite abundances revealed that certain factors are 
significant in shaping the similarity of parasite species composition (Table 8). The most 
important factors were determined to be host species (R= 0.539, P = 0.001), latitude (Rho = 
0.324, P = 0.001), and salinity class (R= 0.159, P= 0.001). A visualization of the similarity of 
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sites categorized by host species can be seen in Figure 9. A hierarchical cluster analysis of host 
species similarity was created and can be seen in Figure 10. This similarity between host species 
was also visualized using non-metric multi-dimensional scaling in Figure 11. SIMPER tests 
showed that F. heteroclitus displayed the most variation within samples, with an average 
similarity of 26.97. Fundulus majalis showed the least variation, with a similarity of 49.20 
(Table 9). The parasite genera driving the dissimilarity between the Fundulus species can be seen 
in Tables 10 – 14.  Multivariate analysis of the parasite presence/absence data returned results 
similar to the abundance data. A shade plot showing the presence of parasite genera within each 
sampled population can be seen in Figure 12. The significance of the factors in shaping parasite 
presence/absence can be seen in Table 15. Visualizations of similarity based on the Sørensen 
index can be seen in Figures 13 – 15. SIMPER analysis of the salinity classes determined that the 
most dissimilarity occurred between marine and freshwater sites, with an average dissimilarity of 
90.29. Dissimilarity in the salinity classes can be seen in Tables 16-18. The source of each record 
was also found to influence community similarity, suggesting that a degree of author bias may be 






Figure 1: Geographic range of sites included in the Fundulus parasite database. Sites sampled 
for this project are represented by green points, while sites gathered from literature review are 
represented by blue points.  
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Table 1: Environmental factors of sites in the Fundulus database. Land type was determined by 
GIS analysis of NLCD and NALCDMS satellite data. Climate type was determined using 











heteroclitus Cockspur island GA Wetland 
Humid Subtropical 
Climate Brackish 
Alfieri, J. M., & Anderson, T. 
K. (2018) 
F. 
heteroclitus Fort Pulaski GA Wetland 
Humid Subtropical 
Climate Brackish 
Alfieri, J. M., & Anderson, T. 
K. (2018) 
F. 
heteroclitus Shellman Bluff GA Forest 
Humid Subtropical 
Climate Brackish 
Alfieri, J. M., & Anderson, T. 
K. (2018) 
F. 
heteroclitus Skidaway island GA Wetland 
Humid Subtropical 
Climate Brackish 
Alfieri, J. M., & Anderson, T. 
K. (2018) 
F. 
heteroclitus St. Mary's estuary GA Wetland 
Humid Subtropical 
Climate Brackish 
Alfieri, J. M., & Anderson, T. 
K. (2018) 
F. 
heteroclitus Tybee GA Wetland 
Humid Subtropical 
Climate Brackish 
Alfieri, J. M., & Anderson, T. 
K. (2018) 
F. 
chrysotus Englewood FL Wetland 
Humid Subtropical 
Climate Fresh Bangham, R. V. (1940) 
F. grandis Englewood FL Wetland 
Humid Subtropical 
Climate Fresh Bangham, R. V. (1940) 
F. majalis Englewood FL Wetland 
Humid Subtropical 
Climate Fresh Bangham, R. V. (1940) 
F. 




Climate Fresh Bangham, R. V. (1940) 
F. 
chrysotus Myakka River FL Wetland 
Humid Subtropical 
Climate Fresh Bangham, R. V. (1940) 
F. 
chrysotus Okeechobee FL Wetland 
Tropical Monsoon 
Climate Fresh Bangham, R. V. (1940) 
F. 
cingulatus Okeechobee FL Wetland 
Tropical Monsoon 
Climate Fresh Bangham, R. V. (1940) 
F. similis Silver Springs FL Forest 
Humid Subtropical 
Climate Fresh Bangham, R. V. (1940) 
F. 
heteroclitus Union Beach, 2004 NJ Urban 
Humid Subtropical 
Climate Brackish Bass, C. S. (2007) 
F. 
heteroclitus Union Beach, 2005 NJ Urban 
Humid Subtropical 




Estuary NB Wetland 
Humid Continental 












Estuary NB Wetland 
Humid Continental 




Estuary NB Urban 
Humid Continental 
Climate Brackish Blanar, C. A. et al. (2011) 
F. 
waccamens
is Lake Waccamaw NC Wetland 
Humid Subtropical 
Climate Fresh 
Burge, E. J., & King, S. D. 
(2015) 
F. luciae Fox Creek Marsh VA Wetland 
Humid Subtropical 
Climate Brackish Byrne, D. M. (1978) 
F. 
heteroclitus Clark's Brook NL Forest 
Humid Continental 
Climate Brackish Dickinson, A. B. (1974) 
F. 
diaphanus Seal Cove Brook NL Forest 
Humid Continental 




seminolis Lake George FL Wetland 
Humid Subtropical 
Climate Fresh DiMaggio, M. et al. (2008) 
F. 




Climate Marine Garvey, D. C. 
F. 
heteroclitus 





Climate Marine Garvey, D. C. 
F. 
heteroclitus Baracuois Stream NB Forest 
Humid Continental 
Climate Marine Garvey, D. C.  
F. 
heteroclitus Beaufort NC Wetland 
Humid Subtropical 
Climate Marine Garvey, D. C. 
F. majalis Beaufort NC Wetland 
Humid Subtropical 
Climate Marine Garvey, D. C.  
F. 
heteroclitus Duxbury Beach MA Wetland 
Humid Subtropical 
Climate Marine Garvey, D. C.  
F. 
heteroclitus North Inlet SC Wetland 
Humid Subtropical 
Climate Brackish Garvey, D. C 
F. majalis North Inlet SC Wetland 
Humid Subtropical 
Climate Brackish Garvey, D. C. 
F. 
heteroclitus Succotash Marsh RI Wetland 
Humid Subtropical 
Climate Marine Garvey, D. C. 
F. 
heteroclitus Wharton Point ME Wetland 
Humid Continental 
Climate Marine Garvey, D. C. 
F. 




Climate Fresh Grunberg, R.L. (Unpublished) 
F. 




Climate Fresh Grunberg, R.L. (Unpublished) 
F. 




Climate Fresh Grunberg, R.L. (Unpublished) 
F. 




Climate Fresh Grunberg, R.L. (Unpublished) 
F. 
diaphanus Passaic 2016 NJ Forest 
Humid Subtropical 
Climate Fresh Grunberg, R.L. (Unpublished) 
F. 
diaphanus Passaic 2017 NJ Forest 
Humid Subtropical 
Climate Fresh Grunberg, R.L. (Unpublished) 
F. 




Climate Fresh Grunberg, R.L. (Unpublished) 
F. 




Climate Fresh Grunberg, R.L. (Unpublished) 
F. 
heteroclitus York River VA Wetland 
Humid Subtropical 
Climate Brackish 
Harris, C. E., & Vogelbein, W. 
K. (2006) 
F. 




Climate Brackish Marcogliese, D. J. (1995) 
F. 




Climate Brackish Marcogliese, D. J. (1995) 
F. 




Climate Fresh Marcogliese, D. J. (1995) 
F. 
diaphanus Brickyard NY Forest 
Humid Continental 
Climate Brackish Ogburn, E. (2014) 
F. 
diaphanus North Schodack NY Wetland 
Humid Continental 
Climate Brackish Ogburn, E. (2014) 
F. 
diaphanus Ramshorn NY Wetland 
Humid Continental 
Climate Brackish Ogburn, E. (2014) 
F. 
diaphanus Roger's Island NY Wetland 
Humid Continental 
Climate Brackish Ogburn, E. (2014) 
F. 
diaphanus Schodack Bay NY Urban 
Humid Continental 
Climate Brackish Ogburn, E. (2014) 
F. 
diaphanus Stockport NY Forest 
Humid Continental 
Climate Brackish Ogburn, E. (2014) 
F. 
chrysotus WCA 3A FL Wetland 
Tropical Savanna 




chrysotus WCA 3B KR FL Wetland 
Tropical Monsoon 
Climate Fresh Tonia, R. (Unpublished) 
F. 
chrysotus WCA 3B TM FL Wetland 
Tropical Savanna 




etc. NS Forest 
Humid Continental 






Figure 2: Number of Fundulus parasite population records in the database categorized by land 
type classification, salinity, and climate type. Land types were calculated in ArcGIS using NLCD 
and NALCDMS data. Salinity class was determined by author descriptions of sample sites. 

















Figure 4: Number of parasite taxa observed in the Fundulus parasite database. Genus, family or order identifications were counted 






Figure 5: The ten most frequently occurring parasite genera observed in the Fundulus parasite 





Table 2: Most frequently occurring parasite genera observed in the Fundulus parasite database 
out of a total of 57 records. 
Genus Number of Records Higher Classification 
Neoechinorhynchus sp. 28 Acanthocephala 
Posthodiplostomum sp. 22 Trematoda 
Ergasilus sp. 21 Arthropoda 
Unidentified Nematoda sp. 20 Nematoda 
Ascocotyle sp. 19 Trematoda 
Contracaecum sp. 19 Nematoda 
Proteocephalus sp. 19 Cestode 
Argulus sp. 18 Arthropoda 
Homalometron sp. 16 Trematoda 








Figure 6: The most frequently occurring parasite classes observed in the Fundulus parasite 





Table 3: Most frequently occurring parasite classes observed in the Fundulus parasite database 
out of a total of 57 records 
Class Number of Records Phylum 
Trematoda 49 Platyhelminthes 
Chromadorea 41 Nematoda 
Cestoda 39 Platyhelminthes 
Monogenea 32 Platyhelminthes 
Eoacanthocephala 29 Acanthocephala 
Copepoda 23 Arthropoda 
Unidentified Nematoda 20 Nematoda 
Ichthyostraca 18 Arthropoda 
Palaeacanthocephala 17 Acanthocephala 
Enoplea 15 Nematoda 
Clitellata 6 Annelida 
Unidentified Acanthocephala 5 Acanthocephala 







Table 4: Most abundant parasite genera observed in the Fundulus parasite database records. 
Average abundance is calculated with standard deviation and variance.  
Genus Average Standard Deviation Variance Higher Classification 
Ascocotyle sp. 120.6 394.4 155572.0 Trematoda 
Echinochasmus sp. 5.3 29.2 851.4 Trematoda 
Unidentified Bucephalidae sp. 1.3 8.4 69.7 Trematoda 
Unidentified Proteocephalidae sp. 1.3 3.9 15.4 Cestode 
Posthodiplostomum sp. 1.2 3.9 15.2 Trematoda 
Homalometron sp. 0.8 3.2 10.2 Trematoda 
Ornithodiplostomum sp. 0.8 3.4 11.8 Trematoda 
Cosmocephalus sp. 0.7 3.4 11.3 Nematoda 
Unidentified Nematoda sp. 0.6 1.4 2.0 Nematoda 
Lasiotocus sp. 0.6 2.5 6.1 Trematoda 
 
 
Table 5: Most abundant parasite classes observed in the Fundulus parasite database records. 
Average abundance is calculated with standard deviation and variance. 
Class Average Standard Deviation Variance Phylum 
Trematoda 132.4 406.7 165438.4 Platyhelminthes 
Cestoda 2.4 4.3 18.3 Platyhelminthes 
Monogenea 1.9 4.2 17.7 Platyhelminthes 
Chromadorea 1.7 5.2 27.5 Nematoda 
Unidentified Nematoda 0.6 1.4 2.0 Nematoda 
Eoacanthocephala 0.5 1.1 1.3 Acanthocephala 
Copepoda 0.3 0.7 0.4 Arthropoda 
Palaeacanthocephala 0.2 0.6 0.3 Acanthocephala 
Enoplea 0.1 0.3 0.1 Nematoda 
Ichthyostraca 0.1 0.4 0.1 Arthropoda 
Bivalvia 0.1 0.9 0.8 Mollusca 
Unidentified Acanthocephala 0.1 0.3 0.1 Acanthocephala 







Figure 7: The mean OSR across all sample sites within a Fundulus species. Error bars show 
standard deviation in species where the mean OSR is calculated across multiple sample sites. 
 
Table 6: Mean OSR across Fundulus species. Standard deviation is given for species where the 
mean OSR is calculated across multiple sample sites  
Host Species Mean OSR Standard Deviation 
F. chrysotus 4.83 1.94 
F. cingulatus 7.00 NA 
F. diaphanus 8.63 4.83 
F. grandis 5.00 NA 
F. heteroclitus 8.92 3.25 
F. luciae 10.00 NA 
F. majalis 5.67 1.15 
F. seminolis 5.00 1.41 
F. similis 8.00 NA 























Figure 8: Parasite OSR of sample sites across latitude and categorized by climate type. A trendline across all climate types (y = 
0.2118x + 0.0998) shows an increase of OSR with increasing latitude. 
 

























Table 7: The significance of factors on OSR in Fundulus populations within the database. 
Significance was determined by fitting the OSR value of the population to least square models 
for each factor in JMP.  
Factor R square P value 
Salinity Class 0.223 0.001 
Latitude 0.112 0.011 
Climate Type 0.158 0.027 
Land Type 0.147 0.077 
Host Species 0.214 0.208 
Sample Size 0.018 0.324 
 
Table 8: The significance of factors on the similarity of parasite genera abundance within a 
Bray-Curtis similarity index determined by using PRIMER to run ANOSIM tests for host 
species, salinity type, land type, and climate type. A RELATE test was used to determine the 
significance of latitude and host phylogenetic similarity.   
Factor R P Value 
Host Species 0.539 0.001 
Latitude 0.324 0.001 
Salinity Type 0.159 0.001 
Land Type 0.135 0.007 
Climate Type 0.117 0.008 











Figure 9: Non-metric multidimensional scaling plot depicting the Bray-Curtis similarity of parasite community. Each data point is a 

















Figure 11: Non-metric multidimensional scaling plot depicting the distances among centroids for each host species in parasite genera 




Table 9: SIMPER analysis of the average similarity within samples of host species from a Bray 
Curtis similarity index on parasite abundance 
Host Species Average Similarity 
F. majalis 49.20 
F. chrysotus 42.71 
F. diaphanus 33.25 
F. heteroclitus 26.97 
 
Table 10: Parasite genera with the highest dissimilarity between F. heteroclitus and F. 
diaphanus. A SIMPER analysis calculated the average dissimilarity between the two species as 
94.20.  
F. heteroclitus & F. diaphanus Group F. heteroclitus Group F. diaphanus  
Parasite Genus: Average Abundance Average Abundance Average Dissimilarity 
Ascocotyle 1.63 0.00 7.25 
Unidentified Nematoda sp. 0.17 1.41 5.66 
Eustrongylides  0.00 1.27 5.57 
Neoechinorhynchus 0.32 1.37 5.40 
Proteocephalidae sp. 0.00 1.01 3.64 
 
 
Table 11: Parasite genera with the highest dissimilarity between F. diaphanus and F. 
waccamensis. A SIMPER analysis calculated the Average dissimilarity between the two species 
as 77.74.  
F. diaphanus & F. 





Abundance Average Abundance 
Average 
Dissimilarity 
Posthodiplostomum 0.59 2.89 8.95 
Homalometron  0.18 1.78 6.09 
Fundulotrema  0.00 1.54 5.76 
Unionida 0.00 1.34 5.01 




Table 12: Parasite genera with the highest dissimilarity between F. heteroclitus and F. luciae. A 
SIMPER analysis calculated the Average dissimilarity between the two species as 70.63. 
F. heteroclitus & F. luciae Group F. heteroclitus Group F. luciae  
Parasite Genus: Average Abundance Average Abundance 
Average 
Dissimilarity 
Salsuginus 0.31 2.94 11.26 
Ascocotyle 1.63 1.89 6.07 
Neoechinorhynchus 0.32 1.52 5.13 
Eustrongylides  0.00 1.14 4.85 
Ergasilus 0.83 1.35 3.45 
 
Table 13: Parasite genera with the highest dissimilarity between F. majalis and F. chrysotus. A 
SIMPER analysis calculated the Average dissimilarity between the two species as 65.62.  
F. majalis & F. chrysotus Group F. majalis Group F. chrysotus  
Species Average Abundance Average Abundance 
Average 
Dissimilarity 
Diplostomum 0.00 2.14 11.41 
Bucephalidae 1.77 0.77 8.05 
Glossocercus 1.34 0.00 7.08 
Ornithodiplostomum 0.00 1.29 6.99 
Salsuginus 1.38 0.49 5.91 
 
Table 14: Parasite genera with the highest dissimilarity between F. heteroclitus and F. seminolis. 
A SIMPER analysis calculated the Average dissimilarity between the two species as 97.53. 
F. heteroclitus & F. seminolis Group F. heteroclitus Group F. seminolis  
Parasite Genus: Average Abundance Average Abundance 
Average 
Dissimilarity 
Dactylogyrus 0.09 2.58 13.1 
Unidentified Clitellata 0.00 2.42 12.7 
Gyrodactylus 0.19 2.11 10.2 
Ascocotyle 1.63 0.00 8.51 







Table 15: The significance of factors on the similarity of parasite genera presence/absence 
within a Sørensen similarity index determined by using PRIMER to run ANOSIM tests for host 
species, salinity type, land type, and climate type. A RELATE test was used to determine the 
significance of latitude and host phylogenetic similarity. 
Factor R P Value 
Host Species 0.481 0.001 
Latitude 0.225 0.001 
Salinity Type 0.161 0.001 
Climate Type 0.025 0.266 
Land Type 0.024 0.318 











Figure 12: Parasite genera presence/absence shade plot. Each column represents a Fundulus species record in the database. Parasite 









Figure 13: Non-metric multidimensional scaling plot depicting Sørensen similarity of parasite communities. Each point is a sample 





















Figure 15: A non-metric multidimensional scaling plot depicting the distance among centroids in parasite genera parasite 




Table 16: Parasite genera with the highest dissimilarity between marine and freshwater sites. A 
SIMPER analysis calculated the Average dissimilarity between the two salinity classes as 90.29 
Marine & Fresh Group Marine Group Fresh         
Parasite Genera Average Abundance Average Abundance 
Average 
Dissimilarity 
Ascocotyle 2.8 0.3 10.9 
Bucephalidae 1.0 0.1 4.8 
Homalometron  1.1 0.1 4.6 
Neoechinorhynchus 0.2 1.0 4.6 
Nematoda 0.3 0.9 4.2 
Salsuginus 0.8 0.2 3.8 
Eustrongylides  0.0 0.8 3.5 
Ergasilus 0.8 0.1 3.3 
 
 
Table 17: Parasite genera with the highest dissimilarity between marine and brackish water sites. 
A SIMPER analysis calculated the Average dissimilarity between the two salinity classes as 
81.25.  
Marine & Brackish Group Marine Group Brackish         
Parasite Genus: Average Abundance Average Abundance 
Average 
Dissimilarity 
Ascocotyle 2.8 0.9 8.5 
Bucephalidae 1.0 0.1 4.4 
Homalometron  1.1 0.2 4.0 
Salsuginus 0.8 0.2 3.8 
Glossocercus 0.0 0.8 3.4 
Fundulotrema  0.6 0.5 3.3 
Ergasilus 0.8 0.7 3.3 









Table 18: Parasite genera with the highest dissimilarity between fresh and brackish water sites. 
A SIMPER analysis calculated the Average dissimilarity between the two salinity classes as 
89.18. 








Ascocotyle 0.3 0.9 5.1 
Neoechinorhynchus 1.0 0.7 4.8 
Nematoda 0.9 0.5 4.5 
Eustrongylides  0.8 0.4 4.0 
Glossocercus 0.1 0.8 3.9 
Proteocephalus 0.6 0.3 3.2 
Ergasilus 0.1 0.7 3.1 







 The OSR of parasites among Fundulus species was found to be most influenced by 
salinity class, latitude and climate. However, for each factor, OSR trended in the opposite way it 
was expected to. Parasite OSR was lower in low latitudes, with the tropical climates having a 
mean OSR of 5.6 (SD = 4.07), and humid continental climate having a mean OSR of 10 (SD = 
3.78). It would be expected that low latitude, tropical environments would harbor a greater 
diversity of parasite species (Poulin et al. 2011). Parasite OSR was also lower in freshwater 
environments, with an average OSR of 6.17 (SD = 3.69) while marine water had an average OSR 
of 10.62 (SD = 3.78). This finding runs contrary to previous studies where parasite species had 
been found to diversify at greater rates in freshwater than marine environments (Poulin 2016).  
 The decline in OSR in low latitude, tropical sites may be explained by the geographic 
range of the Fundulus genus. Our low latitude samples come from south Florida and are 
composed mostly of the species F. chrysotus. South Florida represents the southern extreme of 
the range of F. chrysotus as well as the southern extreme of the range of the genus (Figure 16) 
(Ghedotti & Davis 2013). Parasite prevalence has been found to vary across the range of the host 
species, which can result in parasite species being absent on the edges of the host’s range (Coates 
et al. 2016). This phenomenon along the edges of geographic ranges may be attributed to host 
population density. The population density of species tends to be highest at the center of its range 
and decreasing along the peripheries. Parasites are more effective at infecting their hosts when 
they exist in a high density. Therefore, if the host occurs in low densities at the edge of its range, 
it may preclude certain parasite species from establishing a population on the edge of the host’s 
range (Kaunisto et al. 2015).  
In our data, this range effect is most notable on the southern edge. Samples taken from 
the northern extreme of the Fundulus range in Newfoundland did show lower OSR values than 
those from New Brunswick, Maine, and Massachusetts, although the effect is not as strong as in 
the south Florida samples. Edge effects were further investigated through the examination of 
OSR in F. heteroclitus alone. The dataset covers the range of this species completely; with 
samples from Georgia marking its southern extent, and samples in Newfoundland representing 




(R= 0.012, P=0.599) had a significant effect on the OSR in F. heteroclitus. However, the edges 
of the F. heteroclitus range do not occur at climate transition zones, whereas populations of 
Fundulus in south Florida do occur in a climate transition zone. Fundulus heteroclitus has 
established populations in both the humid continental climate zone, and the humid subtropical 
climate zone. The northern and southern limits of its range lie in the middle of these climate 
zones respectfully. South Florida is a transition zone from the humid subtropical climate into two 
tropical climate classifications. This climate transition may create a reduction in population 
abundance and density in species such as F. chrysotus, for which Florida is the southern limit of 
its range. The observed reduction of parasite OSR could then be linked to lower populations of 
Fundulus at the southern extent of its range. The lower sample sizes gathered from south Florida 
may support this further. It is possible that a reduction in host populations do not occur at the 
edges of the F. heteroclitus range because they do not lie on climate transition zones, leading to 
latitude and climate having no significant impact on OSR in F. heteroclitus. Further research into 
the population dynamics of Fundulus species is required to confirm this hypothesis.  
The mean parasite OSR in fundulids was highest in marine water (10.62, SD = 3.78), 
second highest in brackish water (8.96, SD = 3.63), and lowest in freshwater (6.17, SD = 3.69). It 
is expected that brackish water would show less species parasite species richness than marine 
water. The changing salinity conditions prevent many ectoparasites from surviving on the 
surface of fish. Many endoparasite species are prevented from living in brackish water 
environments due to the inability of their eggs or free-living larval stages to survive in water with 
shifting salinity. Therefore, brackish waters are limited to just the parasite species capable of 
osmoregulation (Möller 1978). Freshwater is expected to have a greater number of parasite 
species due to isolated environments encouraging the diversification of parasite species (Poulin 
2016). The low OSR observed among freshwater samples of this dataset may be explained by the 
fact that many of the Fundulus species sampled in freshwater sites are not exclusively freshwater 
species. Fundulus grandis, F. majalis  ̧F. similis, and F. diaphanous were all sampled in 
freshwater, but will regularly venture into brackish water (Ghedotti & Davis 2013). This may 
have prevented these host specimens from being exposed to as many parasite species as 
exclusively freshwater species specimens would have. The freshwater sites sampled were also 
mostly rivers; an isolated lake or pond may show the higher parasite species richness expected of 




Lake Waccamaw system of North Carolina, having an OSR higher than the average Fundulus 
species at 13 parasite species.  
Salinity was found to have a significant effect on parasite community similarity (R= 
0.159, P= 0.001). This can be observed in the parasite genera presence/absence data as depicted 
in the shade plot in Figure 12. Some parasite genera, such as Ergasilid copepods and Argulus, 
were found primarily in Fundulus species associated with marine environments. Other genera, 
such as Dactylogyrus, were found primarily in freshwater Fundulus species.   
The dissimilarity of species composition of parasite communities was found to be most 
significantly affected by the host species (R = 0.539, P= 0.001), while host phylogenetic distance 
was not found to be a significant factor (Rho= 0, P= 0.957). This finding suggests that the 
genetic closeness of two species in the Fundulus genus does not guarantee that they will have 
similar parasite communities. The similarity groupings of host species seen in Figure 11 must 
therefore be based on an ecological similarity between the hosts, rather than a genetic similarity.  
Within the parasite presence/absence data the most dissimilar species grouping is F. 
similis, cingulatus, grandis, and seminolis. In the parasite abundance data F. seminolis is the 
most dissimilar species. F. seminolis is characterized by high abundances of freshwater leeches, 
as well as monogeneans of the genera Dactylogyrus, and Gyrodactylus (Table 14). These two 
genera, though not exclusively freshwater, are commonly found parasitizing freshwater fish 
(Reed et al. 2009). Monogeneans have been found to have higher abundances in lentic, or lake, 
environments than lotic, or river, environments due to the still waters of lentic environments 
allowing for more effective host colonization (Ferrari-Hoeinghaus et al. 2006). The F. seminolis 
sampled for this study originated from Lake George, Florida, which may explain the difference 
between other freshwater sampled fundulids, such as F. chrysotus and F. diaphanous, which 
were sampled from rivers and canals.  
Fundulus waccamensis is similarly isolated in the similarity matrix. This species is 
characterized by freshwater parasite genera, such as Posthodiplostomum and Unionida. These 
mostly freshwater genera occur in greater numbers in F. waccamensis than they do in the mostly 
freshwater F. diaphanus (Table 11). The difference in abundance may be due to the differences 




Fundulus heteroclitus, F. diaphanous, F. majalis, and F. luciae all have overlapping 
ranges and can occur in similar habitats. While all four species are rarely present in one area, F. 
heteroclitus co-occurs with all the other species. Feeding habits of all species are similar 
(Weisberg 1986). Despite F. heteroclitus being more genetically similar to F. diaphanous and F. 
majalis (Whitehead 2010), their parasite assemblage is most similar to F. luciae. In the case of 
these species, parasite community similarity is being determined by habitat use. Resource 
partitioning among these species has led to each species occupying a specific niche in the salt 
marsh estuary habitat. Fundulus luciae lives in the high marsh, and rarely leaves the intertidal 
zone. Although F. heteroclitus will enter this high marsh area as well, it only uses this area to 
feed during high tide and as a nursery for its young, and adults will leave the high marsh when 
the tide goes out and spend the low tide in subtidal areas (Kneib 1984). Fundulus heteroclitus 
travels between the protection of the marsh and the more open subtidal estuary waters. This open 
subtidal water is the preferred habitat of F. diaphanus and F. majalis (Figure 16). Fundulus 
diaphanus is primarily a freshwater species but will enter estuaries up to a certain salinity. Their 
abundance in estuarine environments decreases with increasing salinity. The opposite is true of 
F. majalis, which is primarily a marine species. The lower the salinity in the estuary, the less 
abundant F. majalis becomes (Weisberg 1986).  
This difference in habitat usage may lead to the four species being exposed to different 
parasites at different rates. Parasites using the tide for dispersal of their free-living larval stages 
may be unable to parasitize fish in subtidal environments. Parasites using an intermediate host 
are restricted to the part of the estuary inhabited by the intermediate host. F. heteroclitus and F. 
luciae both inhabiting the high marsh explains their parasite similarity. These two also cluster 
with F. majalis which will acquire parasites at similar rates to F. heteroclitus in the subtidal 
waters of the estuary (Figure 10). The dissimilarity between these three species and F. diaphanus 
is most likely due to the presence of mostly freshwater parasites in the F. diaphanus assemblage. 
The grouping of F. majalis and F. chrysotus may be due to their similar abundances in 
unidentified Bucephalidae species and unidentified metacercaria. More taxonomically precise 
data on F. chrysotus parasites in other parts of its range may be required before any conclusions 


























 Results from this analysis show that factors that influence parasite community 
composition on a large scale may lose significance to other factors when examined at a host 
genus level. Latitude and climate were found to be significant factors in determining species 
richness. Host species was found to be the most important factor in determining parasite 
community similarity. Low latitude and tropical climate are expected to increase parasite species 
richness, while in our data the opposite trend was observed. Latitude and climate trends are 
significant when examining parasite species over a large scale, however when this is limited to 
parasites within a single genus, their significance may be diminished. Factors such as host 
biogeography may become increasingly significant at this scale. Edge effects on the peripherals 
of the host range may explain the low parasite species richness in Fundulus species occurring at 
low latitudes. It is expected that hosts that are phylogenetically close would have similar parasite 
communities, but our data showed that host phylogeny was not a significant factor. Host ecology 
may be a more significant factor in determining parasite community similarity.  
 Further research is required to fully understand how the parasite community is structured 
within this genus. Many species within this genus are understudied. Fundulus heteroclitus and F. 
diaphanus are the most extensively studied, but little research has been done on the other 37 
members of the genus. Including the other species in this research would allow for a better 
understanding of the influence of host ecology on community composition. Further research on 
Fundulus species in other parts of North America, such as the Gulf of Mexico and the 
Mississippi river basin, would allow for further study on the possibility of host range edge 
effects. Future studies should also take water flow into consideration. A possible lentic versus 
lotic divide may be present in freshwater data, and tidal movement may be an influence in 
estuarine environments. We hope that through the release of this database we encourage 
collaboration into further research on the factors that shape the parasite community within the 
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Appendix: Fundulus Parasite Surveys 
 































001 63 6.7 M 63 12                 
FHET 
002 59 5 F 16   4 1             
FHET 
003 55 4.3 F 24   1   2           
FHET 
004 68 7.6 M 32 8   9   1         
FHET 
005 48 2.4 M 7   1               
FHET 
006 42 1.7 F 43 1                 
FHET 
007 38 1.2 F 12 6                 
FHET 
008 56 4.4 M 82       1           
FHET 
009 58 4.4 F 83                   
FHET 
010 54 3.9 F 98 12         1       
FHET 
011 72 7.52 F 22       4     1     
FHET 
012 63 3.69 F 11       1           
FHET 
013 68 5.64 F 6               1   
FHET 
014 67 6.8 M 267               1   
FHET 
015 64 5.9 F 26               1   
FHET 
016 58 5 F 35                   
FHET 








018 63 5.5 F 9 1                 
FHET 
019 61 5.2 F 20 3           1     
FHET 
020 48 2.5 F 12                   
FHET 
021 37 1.2 F 4         1         
FHET 
022 55 3.9 F 48       1           
FHET 
023 40 1.3 F 13       1           
FHET 
024 50 2.7 F 28 3 1   1     1     
FHET 
025 54 3.9 F 66 4                 
FHET 
026 49 2.5 F 17   2         1     
FHET 
027 62 5.3 F 40 4       1     1   
FHET 
028 37 1.3 F 12         1         
FHET 
029 79 10.7 F 6   2     1         
FHET 
030 50 3.1 F 3                   
ABUND








































































T 031 45 2.2 F 188 5   2                 1   
FHE
T 032 48 2.4 F 100 3   1 15                   
FHE
T 033 52 3 F 47 1       1 1               
FHE
T 034 45 2.3 M 161 3           1             
FHE
T 035 46 2.6 M 41 2                         
FHE
T 036 52 3.7 F 75 5   1               1     
FHE
T 037 47 2 M 59 5   1                     
FHE
T 038 64 5.2 F 134 3 1       2               
FHE
T 039 48 2.6 M 105 2 1                       
FHE
T 
039b 49 2.8 F 102 12         2               
FHE
T 040 53 3.6 F 110 5                         
FHE
T 041 48 2.8 M 322 5                         
FHE
T 042 75 9.6 M 176 6                       1 
FHE
T 043 44 1.8 M 69 3                         
FHE
T 044 58 3.7 F 95     8 114       1           
FHE
T 045 40 1.4 M 74 1     11       1           
FHE








T 047 59 5.5 M 146 6 1 1                     
FHE
T 048 49 2.7 M 47 3   2                     
FHE
T 049 52 4 M 105 2                         
FHE
T 050 49 2.8 F 146 4                         
FHE
T 051 38 1.1 F 34 1     8         1         
FHE
T 052 39 1.3 M 76               2           
FHE
T 053 42 1.6 M 75 3   1         3   1       
FHE
T 054 51 3.3 M 205 10   2           6         
FHE
T 055 49 2.5 F 210           2     4         
FHE
T 056 45 2.4 M 59 5                       1 
FHE
T 057 56 4.5 F 206 2 1   1                 2 
FHE
T 058 47 2.4 F 48 4   2           1         
FHE
T 059 40 1.3 F 15                 2         
FHE
T 060 57 5.2 M 101 4   6                   1 
ABU
NDA
NCE       
108.




































061 66 6.5 M 117 1   1           
FHET 
062 66 7.1 F 48       200         
FHET 
063 62 4.8 F 35   1             
FHET 
064 58 4 M 104 2     200         
FHET 
065 63 5.1 F 46   1             
FHET 
066 72 8.2 M 90 13 1     1       
FHET 
067 49 2.7 M 12 4               
FHET 
068 56 4 M 96                 
FHET 
069 62 5.4 M 164           1     
FHET 
070 64 5.6 F 35       200         
FHET 
071 66 7.5 F 143       5     1   
FHET 
072 71 7 F 233       300         
FHET 
073 54 3.8 M 114                 
FHET 
074 49 3.1 M 72                 
FHET 
075 58 4.8 F 42       46         
FHET 
076 55 3.8 F 29               1 
FHET 
077 45 1.9 F 39                 
FHET 
078 36 1.2 F 49                 
FHET 








080 52 2.8 M 84                 
FHET 
081 59 4.1 M 47   1   1         
FHET 
082 68 6.7 F 4 5     110 3       
FHET 
083 61 4.6 M 55       400 1       
FHET 
084 59 4.2 M 47                 
FHET 
085 61 4.5 F 92       1 6       
FHET 
086 72 8.6 M 177 5     57 1       
FHET 
087 51 2.9 M 39         9       
FHET 
088 55 3.4 F 28       54 4       
FHET 
089 70 68 M 209     1 70 2   1   
FHET 
090 61 6.7 F 95       110         
ABUND































FHET 091 41 1.8 M 1             
FHET 092 37 1.3 F               
FHET 093 41 1.5 F   2           
FHET 094 44 1.9 M               
FHET 095 46 2.6 F               
FHET 096 36 1.1 F   2           
FHET 097 34 1 F   2 9         
FHET 098 47 2.8 M   1   1       
FHET 099 42 2.2 M   1           
FHET 100 41 1.9 F   1           
FHET 101 42 1.7 F   1     1     
FHET 102 41 1.9 F   1           
FHET 103 35 1 F   4 16     1   
FHET 104 39 1.5 F               
FHET 105 30 1 M   7 6         
FHET 106 39 1.2 F   1 11         
FHET 109 42 2 F   1         1 
FHET 110 42 2.1 F   1   4       
FHET 111 37 1.2 M   3 15         
FHET 112 40 1.7 M               
FHET 113 41 1.5 F     14 2       
FHET 114 36 1.3 F   1           
FHET 115 42 1.7 F 1 3           
FHET 116 38 1.2 M     11         
FHET 118 48 2.7 M       1       
FHET 119 45 2.2 F   1           
FHET 120 46 2.3 M               







FHET 124 45 2.2 F   1   3       
FHET 125 47 2.5 M   2   2       
ABUNDAN






















sp. Metacercaria gen sp. 
FMAJ 001 47 2.3 F 2 1       
FMAJ 002 40 1.3 M     1     
FMAJ 003 46 1.8 F       4   
FMAJ 004 44 1.6 M       1 1 
FMAJ 005 49 1.8 F       2   
FMAJ 006 43 1.5 F           
FMAJ 007 41 1.3 M           
FMAJ 008 39 1.3 F           
FMAJ 009 44 1.6 F     1 2   
FMAJ 010 43 1.4 F 1     1   






























































































2 M 60 21 6 9 1                       
FHE
T 
117 96 14 M 18 221   11 6 5 2                   
FHE
T 
122 68 5 F 1     3 1 1                     
FHE
T 










4 M   17 1 2   1   7                 
FHE
T 
128 62 5.7 F 2 13 4 5       6                 
FHE
T 










9 M 32 46           23 100               
FHE
T 









133 50 2.6 M 3 5                             
FHE
T 
134 52 3.2 F 3 8     16     1 1               
FHE
T 
135 46 2 M 6 4 2 2 4     3                 
FHE
T 
136 49 2.3 F 2 2   1 6         1             
FHE
T 





4 F 19 30             2               
FHE
T 
139 75 9.3 M 40 17 3 3 8 1   18         1       
FHE
T 
140 75 8.9 M 12   1 1 1     7                 
FHE
T 





6 F   7 2 1       2                 
FHE
T 
143 73 9.4 M 3 19     7     1             1   
FHE
T 
144 64 6.1 M 7 27 4 1       3                 
FHE
T 
145 62 4.7 M 15         1   12                 
FHE
T 




























CE       
10.4
































































151 70 4.9 F 31     2 4 1 3 45           
FHET 
152 52 2.5 M 26   2   2 1     28         
FHET 
153 50 2 M 43 11     5 3       1       
FHET 
154 44 1.3 F           1       7       
FHET 
155 48 2 F 19   1   5         2 9     
FHET 
156 43 1.5 M 5       14         6       
FHET 
157 42 1.6 F     1             2       
FHET 
158 60 4.3 F 2   1 1 1   4     5       
FHET 
159 47 2.2 M 31 90 2 2 2         1       
FHET 
160 61 4.5 F 16   2   1   1     1       
FHET 
161 51 2.7 M 27   7 22 5 1 1             
FHET 
162 42 1.5 M 2 19   2   3       11       
FHET 
163 95 20.4 F     4 8           7   1   
FHET 
164 45 2 M 6 44   1 8         1       
FHET 
165 50 2.5 M 46 148   2     2     3       
FHET 
166 52 2.8 F 10     6 9 4       2     1 
FHET 
167 44 1.9 F   4 3 4           12       
FHET 








169 40 1.3 M 12 3     1   1     8       
FHET 
170 44 1.7 F         12         2       
FHET 
171 39 1.2 F 1         1 2     17       
FHET 
172 43 1.4 F 4 48         1     3       
FHET 
173 42 1.3 M 2 17 1 1 12   1     5       
FHET 
174 46 1.7 F 42                 5       
FHET 
175 44 1.8 M 78       2   1     2       
FHET 
176 43 1.6 F 69       4         1       
FHET 
177 50 2.3 M 131                 4       
FHET 
178 44 1.6 F 103         1 2     2       
FHET 
179 42 1.8 M 141 2     1   4     8       
ABU
NDA












































174 55 3.4 F 290 3   4 5   1 8       
FHET 
175 54 3 M 150   1   10   5 3       
FHET 
176 55 3.1 F 226 10     4   1 3       
FHET 
177 43 1.4 M 113                     
FHET 
178A 42 1.4 F 19 2                   
FHET 
178B 39 1.2 M 72       8     5       
FHET 
179 40 1 M 27       8     1       
FHET 
180 40 1.7 F 72       4   1 1 1     
FHET 
181 48 2.1 F 161 1         1 3       
FHET 
182 63 5.2 M 476       5 1 8 6       
FHET 
183 61 4.4 F 341       7   2 5       
FHET 
184 60 4.6 F 200       4             
FHET 
185 48 2.1 M 81       1 1 3 16       
FHET 
186 66 6 M 508       1 1 1 5       
FHET 
187 45 1.7 M 133       8 3 2 5       
FHET 
188 54 3.7 F 462       6   2 11       
FHET 
189 43 1.6 F 133 2     15 1   9       
FHET 
190 43 1.5 F 49             5       
FHET 








192 46 2.1 F 142       7   1 9 1     
FHET 
193 53 4 F 261       1 1 4 3       
FHET 
194 44 1.4 F 273 2     3   1 3       
FHET 
195 38 1.3 M 70       1   1 6       
FHET 
196 46 2.2 F 119       5     2       
FHET 
197 42 1.6 F 62 1     1   2 6       
FHET 
198 76 8.1 F 503         2       1   
FHET 
199 63 5.3 F 377       8     7     1 
FHET 
200 64 5.3 F 643             4       
FHET 
201 41 1.7 F 99       16 1   3       
FHET 
202 44 1.8 M 145 3           3       
ABUN
DANC

































FHET 203 51 2.8 F 22   2   1       
FHET 204 72 8 F 49 2 13 2   1     
FHET 205 50 2.7 F 12               
FHET 206 47 2 M 27 3 2           
FHET 207 48 1.7 F 22 1 29       1   
FHET 208 42 1.3 F 17   13           
FHET 209 53 2.3 M 11   3           
FHET 210 43 1.8 F 15               
FHET 211 45 2.1 M 32 2 1         1 
FHET 212 54 4.2 F 74 1   8       1 
FHET 213 44 2 M 48               
FHET 214 46 1.6 F 18   4 1         
FHET 215 43 1.5 F 16 1 4 2       1 
FHET 216 41 1.6 F 13 1 3           
FHET 217 44 2.3 F 7 4 10           
FHET 218 41 1.5 F 19   27           
FHET 219 40 1.5 F 21               
FHET 220 30 1.1 F 3   6           
FHET 221 48 2.4 F 6   3         1 
FHET 222 39 1.2 F 18   3 1         
FHET 223 45 1.8 F 9 2   3         
FHET 224 58 5 M 28 1 6 1       1 
FHET 225 51 2.8 F 8   6 1         
FHET 226 41 1.5 F 16   10         1 
FHET 227 44 1.7 M 12 1 13 1         
FHET 228 36 0.9 F 9   3           
FHET 229 35 1.1 F 3   6           







FHET 231 35 1.1 F 7   15     1     
FHET 232 43 1.8 M 9   4           
ABUNDA































FMAJ 011 40 1 M 3   2         
FMAJ 012 32 0.6 M     5         
FMAJ 013 42 1.4 F 5   4         
FMAJ 014 48 1.9 M   1 3         
FMAJ 015 32 0.5 F 6   3         
FMAJ 016 40 1 M 3   5         
FMAJ 017 38 1 M 6   1   5     
FMAJ 018 40 1.1 M       1       
FMAJ 019 40 1 M 3   6 2       
FMAJ 020 35 0.9 M 3             
FMAJ 021 39 1.21 F 3   7         
FMAJ 022 35 0.7 F     10         
FMAJ 023 35 0.7 M     2         
FMAJ 024 36 0.7 M 16   2     1   
FMAJ 025 57 3.5 F 4             
FMAJ 026 41 1.1 F 6   5         
FMAJ 027 40 1.1 M 3   3         
FMAJ 028 57 3.5 M 14   11     1   
FMAJ 029 38 1.1 F 3   1         
FMAJ 030 43 1.5 M 3   4       1 
FMAJ 031 33 0.8 M               
FMAJ 032 45 1.5 M 3   10         
FMAJ 033 40 1.3 M 9   4         
FMAJ 034 38 0.9 M 5   3         
FMAJ 035 46 1.5 M 2   5         
FMAJ 036 39 1.1 F 2   9         
FMAJ 037 39 1 M 2   8 1       







FMAJ 039 37 0.9 F 5             
FMAJ 040 41 1.1 F 9   28         
ABUNDAN
CE       4.03 0.07 4.93 0.13 0.17 0.07 0.03 
 
